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ABSTRACT 
The reflection and refiaction of quasi-P(qP) wave below a 
transition isotropic layer sandwiched between two monoclinic 
media have studied. Due to incident of qP-wave at the 
interface of monoclinic lower half space and isotropic 
transition layer of thickness H, it will give rise to reflected qP, 
qSV, qSH-wave in the lower monoclinic half space and 
refkcted P-wave and SV-wave at the isotropic transition layer 
of thickness H. As there is mother interface between transition 
layer and monoclinic upper-half space extended up to infinity, 
these two refracted P and SV-wave will incident at the 
interface with angle and 64 respectively. These two waves 
will produce reflected P and SV-wave in the transition layer 
and refracted qP, qSV and qSH-wave in the upper half-space 
of monoclinic medium in both the cases. This problem has 
been solved to obtain the reflection and refiaction coefficients 
for all the waves generated using boundary conditions and the 
balance in energy flux normal to the boundary. Absolute 
numerical values of all the reflection and rehetion 
coefficients have been obtained for a particular set up of 
material constants for isotropic and monoclinic media for 
different values of thickness of transition layer. 
INTRODUCTION 
The study of the reflection and refiaction phenomena of elastic 
waves at an interface of two elastic half spaces having 
Werent types of material properties is of considerable interest 
m the field of seismology, in particular seismic prospecting, as 
the earth‘s surface might be supposed to be consisting of 
layers, having material properties of different types. 
been studied by Musgrave (1959, 1960), but presented 
togetha with some numerical results obtained for the 
reflection of body waves at the fiee surface of some hexagonal 
media (1960). Keith and Crampin (1977) derived a 
formulation for calculating the energy division among waves 
generated by plane waves incident on a boundary between 
generally anisotropic media and concluded that presence of 
anisotropy in the media (changed in refiaction angles and 
amplitudes of transmitted waves with the direction of 
orientation) with the change of velocity with azimuth and with 
angle of incidence. 
The extension of the earth is made up of solids, liquids and 
occluded gases. The solids are commonly called rocks. When 
minerals occur with differential geometrical outlines, they are 
called crystals. Crystals are solids bounded by natural plane 
surfaces or faces. A variety crystal forms is possible. The 
monoclinic form is out of them. Monoclinic system 
corresponds to crystals, which can be referred to three unequal 
axes, two of which intersect at an oblique angle, while the 
third is perpendicular to the othm two. Rotated Y-cut quartz, 
which exhibits monoclinic symmetry is formed by rotation of 
the thickness direction around the x-axis. Y-cut crystals are 
used to generate shear vibrations in solid. 
Chettopadhyay end Choudhury (1995) studied the reflection of 
P-waves at a ftee surface and rigid boundaries in a medium of 
monoclinic type. Chattopadhyay and Saha (1996) studied the 
reflection and refiaction of P-waves at the interface of two 
mmoclinic media. 
Here in this paper, the problem of reflection end rehction of 
an incident qP-waw below a transition isotropic layer 
smdwiched between two monoclinic half spaces has been 
studied. 
The general reflection-refi-action problem for plane elastio 
waves at a plane interface between two adotropic media has 
2.35 1 
Formulation of the Problem 
‘Ihe equations of motion for the propagation of qP-wave in 
monoclinic media are: 
a 2 U ,  a2u, 
+ =55 ZC, -
a2u, =p-  
at2 
-
&z% ...( 1) 
a2 u2 d2 uz a2 u3 
Ox, 
C Z Z  2+ C44 ax,2 + C , q  
where 4, (i = 1,2,3) are the displacement components in the 
directions & (i = 1,2,3) respectively, and C6 = Cji, (d = 1,2, 
. . . .., 6) are the elastic constants. 
Let us consider the solution of (1) to (3) as 
a(”) = A  a(‘) el‘n. ...(4) 
where the index n assigns the direction of waves, a is the unit; 
displacement vectar and 
tl, = k,,(G.jP -C , t )  ...(5) 
p(”) is the unit propagation vector, c,,, the velocity of 
propagation and k, the correspondmg wave number. 
a 
Boundary condfttous and solutions of the problem 
For the physically most significant case of perfect contact, the 
displacements and the stresses are continuous at the interface, 
i.e. at x2=0. 
Boundary 00nditon.s at x2=0 are 
and 
Equation (4) will represent a longitudinal wave if the 
displacement vector is parallel to the propajgtim vector and 
will represent a transverse wave if the displacement vector is 
perpen&& to the propagation vector. 
Let a qP-wave making angle 8, with the normal to the 
interface of semi-infinite lower half space monoclinic and the 
bnsition isotropic layer of thickness H. As the qP-wave 
incident wave incident at the interface of monoclinic lower 
half space and at isotsopic transition layer of thickness H, it 
will give rise to reflected qP, qSV, qSH waves in the lower 
monoclinic half space and rehcted P, SV waves at the 
transition isotropic layer of thickness H. As there is another 
inteTface between the transition layer and the monoclinic 
upper half space extended upto 00. These two refiacted P and 
SV-wave wi l l  incident at this interface with angle €3, and €34 
respectively. These two waves will produce reflected P-wave 
and SV-wave in the transition layer and refiacted qP, qSV and 
qSH wave in the monoclinic upper half space in both the oases 
(FigS}. 
Fig. 1. Geomeiry of the problem 
From equations (1) to (3) it is obvious that ut motion 
representing the SH-wave motion and (uz, u3) representing the 
qP and qSV-motion. From equations (1) to (3) it is obvious 
that the ut has been decoupled fiom u2 and u3, so SH-mtiori 
has been decoyled fiom P and SV wave. 
T(*) + T(’) = TY’ + TF’ ...f3 .2} 
T4 + 4 4 
Similarly the B.C. at x2 = H for inoident reitacted P-wave at 
the interface x2 = H 
2.35 2 
and for incident refracted qSV-wave at x2 = H 
u;)+u;)+u;) = u2 (3) +u2 (4) 
= up' + u y  . . . (3.5) U(O) + dl) + 
3 3 3 
Applyhg the above boundary conditions, the amplitude ratios 
4 %  - AI6 
A0 
of reflected and refiacted waves - A,A, , ,..........., 
can be calculated and the calculations are not presented here. 
Numerical Calculations and their Graphical 
Representations 
The mathematical constants for lower monoclinic-I medium 
are 
2.33 x 10" N/m2 c 2 2  - 
0.8 x 10" N/m2 e23 - 
0.0 
2.75 x 10" N/m2 c33 - 
c44 = 2.75 x 10"'N/m2 
0.93 x 10' ' N/m2 
0 . 9 4 ~  10" N/m2 c55 - 










P - 7450 Wm3 
The material constants for sandwiched isotropic layer of 
thickness H are 
h - 0.30 x 10" N/m2 






The material constants for the upper half monoclinic-I1 
medium are 
2.03 x 10" N/ma c22 - 
0.6 x 10" N/m2 c55 - 
0.75 x 10" N/m2 
cs = 0.09 x 10" N/m2 
-0.9 x 10" N/m2 
c66 E 0.75 x 10" N/m2 
c33 - 2.43 x 10" N/m2 
c43 = 0.0 
0.06 x 10" N/m2 c4l - 








Considering the above mentioned numerical values the values 
of amplitude ratios of reflected and rehcted qP, qSV-waves 
due to incident qP-waves : 
Q A1 fa, A i l &  & f A o  & f A a  
0 -0.48 0.084 1.48 -0.029 
5 -0.46 0.1 1 1.47 -0.0599 
10 -0.43 0.135 1.47 -0.091 . - 
I 15 -0.40 0.155 1.47 -0.122 1 
20 -0.36 0.171 1.47 -0.1504 
25 -0.31 0.183 1.47 -0.176 
30 -0.26 0.19 1.47 -0.197 
35 -0.21 0.19 1.47 -0.21 
40 -0.16 0.183 1.45 -0.23 
45 -0.1 1 0.1 725 1.44 -0.23 
50 -0.07 0.16 1.42 -0.24 
55 -0.04 0.136 1.39 -0.24 
60 -0.021 0.1 1 1.35 -0.21 
65 -0.021 0.084 1.30 -0.20 
-0.049 0.056 
-0.12 0.028 -0.18 
-0.26 0.0023 0.915 -0.144 
-0.51 -0.01 5 0.595 -0.092 
-0.94 -0.025 0.074 -0.01 1 
a3 kjH lJW&l l&/ibl l A d & l  I J W A O I  
50 2 0.9983 13.92 7.06 0.895 
50 5 0.504 2.55 3.25 0.89 
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7 -  
6 -  All the values of (Ai / &) are negative fiom 0" to go", 
negative values of (Al 1 A,) implies that the continuous phase 
changing and the absolute value of (A, / A,) is maxi" at eo 
= 90" and mini" at Bo = 65". (A2 / &) is the reflection 
coefficient of reflected qSV wave and all the values are 
positive and m a x i "  value is obtained at 9, = 35". The value 
of (A, / &) is mini" at Bo = 90" and m a x i "  at 9, = 0". 
All these values of refraction coefficient of qP-wave are 
8 5 -  
3 3 -  
-r 4 -  
2 -  







to the incident of qP-wave at the interface of monoclinic half 
space and isotropic layer. 
Modulus of refleotion coefficient of reflected P-wave, 
reflected SV wave and rehcted qP-wave and refiacted SV- 
wave due to incident refiacted. P-wave at the interface of 
Lotropic layer and monoclinic upper half space have plotted in 
Figs. 6,7,8 and 9 respectively. These curves have been plotted 
for k3H = 2 3 1 0  with corresponding values of amplitude ratios 
for angle of incidence = 50". 
-0.05 
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The vaIues of amplitude ratios for reflected P-wave are 
decreasing as the value of k3H increases fiom 2 to 5, fiom 5 to 
10 but rate of increasing is vay low in comparison with rate 
of decreasing. Similar phenomenon has also been observed in 
the case of reflected SV-wave for k3H = 2 to 5, but the values 
of modulus of amplitude ratios are constant for k3H = 5 to 10. 
ModuIus of amplitude ratios for refracted qP-wave due to the 
incident qP-wave at an angle of 50' have been plotted for k3H 
= 2,5,10 and it ?ass been observed that, the values of amplitude 
ratios are decreasing for k3H = 2 to k3H = 5 and after that it is 
almost constant from k3H = 5 to 10. But the amplitude ratios 
of refracted qSV-wave are decreasing as kSH increases from 5 
to 10 and it is almost c o m h t  fiom k3H = 2 to 5. 
Similarly, the values of modulus of ampJitude ratios of 
reflected P-wave, refiacted SV-wave, refracted qP- wave and 
rehcted qSV- wave due to rehcted SV-wave incident at the 
jnterface of isotropic layer and upper half space monoclinic 
medium. From the cu11ves (shownin Figs. 10,11, 12 and 13) it 
is clear that values are increasing fiom bH = 5 to 10 whereas 
the values are constant fiom &H = 2 to 5 m all the cases 
except rehcted qSV-wave where it is decreasing fkom 
k$ = 2  to 5. Besides this all these values are negative, i.e., it 
is ccmtinuously changing its phases and the values of all these 
amplitude ratios which has obtained due to incident refracted 
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